This study was designed to retrospectively compare the sonographic features of medullary thyroid carcinoma (MTC) and the features of papillary thyroid carcinoma (PTC).
Introduction
Medullary thyroid carcinoma (MTC) originates from thyroid C cells and is a rare malignancy, accounting for approximately 5% to 8% of thyroid malignancies. [1, 2] MTC could be diagnosed by fine needle aspiration, but the detection rate by fine needle aspiration is only 56%. [3] The routine measurement of plasma calcitonin levels has not been widely adopted. [4] The growth of MTC is relatively slow, but at the time of initial diagnosis, 35% of patients with MTCs had lymphatic metastatic spread. [5] Therefore, it is important to diagnose MTC prior to surgery.
Thyroid ultrasonography has been widely used and is the pivotal imaging tool to differentiate benign from malignant thyroid nodules. Specific sonographic features with a higher likelihood of malignancy have been widely reported. [6] [7] [8] However, in the majority of studies, these sonographic features are used to differentiate benign nodules from papillary thyroid carcinoma (PTC), and only some studies with small sample sizes have focused on the sonographic features for possible MTCs. [9] [10] [11] [12] [13] [14] [15] [16] [17] Only one study with 12 MTCs compared the vascularity of MTCs and PTCs and found that intranodular vascularity was more frequent in MTCs. [14] However, because of the small sample size, the difference was not significant. In this retrospective study, we compared the sonographic features of MTCs and PTCs in a relatively large sample size to improve the diagnostic value of ultrasonography for MTCs.
Patients and methods

Patients
The Peking Union Medical College Hospital ethics committee approved and supported this retrospective study, and the need for written informed consent from the participants was waived. The records data and sonograms of all patients were deidentified and analyzed anonymously (see Table, Supplemental Content, which provides the data of all cases, http://links.lww.com/MD/B427). The records of 125 consecutive patients who underwent surgery for primary MTC confirmed by pathological examination in this institution between January 2000 and January 2016 were retrospectively reviewed. Preoperative sonographic findings were available for 97 patients in this institution. The final study group consisted of 97 patients with 127 MTCs; there was a single tumor in 72 patients, 2 tumors in 20 patients, and 3 tumors in 5 patients.
As a control group, 107 consecutive patients with 132 PTCs that were diagnosed after surgery between October 2015 and January 2016 in this institution were included in this retrospective study.
Imaging and image analysis
Preoperative thyroid ultrasonography was performed as a baseline study in each patient using a Philips HDI, HDI5000 or iU22 (Philips Medical Systems, Bothell, WA) and GE logic 7 or logic 9 (GE Healthcare, Wauwatosa, WI) equipped with a 5-to 12-MHz linear array transducer. All equipments had been used less than 5 years and had good status and variability. Transverse, longitudinal, and oblique plane sonograms of the thyroid and the cervical lymph nodes were obtained. The preoperative sonograms were retrospectively reviewed by two experienced radiologists (XL and YX) by consensus. The 2 radiologists had 9 and 15 years of thyroid ultrasonography experience and were blinded to the pathologic information.
The size, shape, ratio of length/width, boundary, peripheral halo ring, echogenicity, echotexture, cystic change, calcification, and vascularity of each thyroid nodule were recorded. The shape was determined as regular (round or oval) or irregular (including lobulated). The ratio of length/width was determined as <1 or ≥1. The boundary was determined as clear or unclear. The peripheral halo ring was determined as with or without peripheral halo ring. The echogenicity was determined as hypoechogenicity, isoechogenicity, or hyperechogenicity. The echotexture was determined as homogeneous or heterogeneous. The cystic change was determined as solid, predominantly solid (<50% cystic) or predominantly cystic (≥50% cystic). The calcification was determined as no calcification, microcalcification, or macrocalcification. The vascularity was determined as hypervascularity (more than adjacent tissue), normal vascularity (similar to adjacent tissue), or avascularity (no blood flow).
[18]
Statistical analysis
The clinical features (age, gender, bilaterality, multifocality, lymph node metastasis, distant metastasis, and accompanying disease) and sonographic findings (size, shape, ratio of length/ width, boundary, peripheral halo ring, echogenicity, echotexture, calcification, cystic change, and vascularity) were compared between the MTCs and PTCs.
All statistical analyses were performed using the SPSS 11.5 software package (SPSS, Chicago, IL). Categorical variables were summarized as percentages, and continuous variables were summarized as the means ± standard deviation, median, and range. The x 2 test or Fisher exact test was used, as appropriate. Statistical analysis for a difference in age and size was performed with the Mann-Whitney test. Statistical significance was determined when a P value was less than 0.05.
Results
The final study group consisted of 97 patients with 127 MTCs and the control group consisted of 107 consecutive patients with 132 PTCs. A summary of the clinical features of all patients is presented in Table 1 . The patients with MTCs were older than the patients with PTCs (46.9 years vs 42.9 years, P = 0.016). The male proportion of patients with MTCs was higher than that of patients with PTCs (53.6% vs 33.6%, P = 0.005). Seven patients with MTCs and no patients with PTCs had distant metastases (P = 0.005). However, the bilaterality, multifocality, and cervical lymph node metastases were not significantly different between the patients with MTCs and the patients with PTCs. In addition, 21 patients with MTCs had multiple endocrine neoplasia, and 7 patients with MTCs also had PTCs.
A summary of the sonographic findings of all patients is presented in Table 2 . The majority of the MTCs had an irregular shape (72.4%), a length/width ratio <1 (75.6%), an unclear boundary (63.8%), no peripheral halo ring (93.7%), hypoechogenicity (96.9%), heterogeneous echotexture (76.4%), no cystic change (78.7%), calcification (63.8%), and hypervascularity (72.4%) (Figs. 1 and 2 ). There was no significant difference in the boundary, peripheral halo ring, echogenicity, and calcification between the MTCs and PTCs. However, compared with the PTCs, a larger size (2.2 cm vs 1.2 cm, P<0.001), a regular shape (27.6% vs 7.6%, P < 0.001), a length/width ratio <1 (75.6% vs 51.5%, P < 0.001), heterogeneous echotexture (76.4% vs 54.5%, P < 0.001), cystic change (21.3 vs 8.3%, P = 0.005), and hypervascularity (72.4% vs 47.7%, P < 0.001) were more frequent in the MTCs.
Discussion
In this study, the patients with MTCs were older than the patients with PTCs (46.9 years vs 42.9 years), and the MTCs had a larger size (2.2 cm vs 1.2 cm). One feasible reason for this discrepancy might be that the diagnosis of MTC represents a diagnostic challenge in clinical practice, and many MTCs are still incidentally discovered after thyroid excision. [2] Although the cervical lymph node metastases were not significantly different between the patients with MTCs and the patients with PTCs, more patients with MTCs had distant metastases at the time of initial diagnosis, confirming that MTCs were more aggressive than PTCs.
Several studies have evaluated the sonographic features of MTCs, and some studies also included comparisons with 
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PTCs. [9] [10] [11] [12] [13] [14] [15] [16] [17] However, because of the rarity of MTC, the sample sizes in those studies were small. We evaluated the sonographic features of MTCs in this study with a relatively large sample size and found that an irregular shape, a length/width ratio <1, an unclear boundary, no peripheral halo ring, hypoechogenicity, heterogeneous echotexture, no cystic change, calcification, and hypervascularity were the most common sonographic features of MTCs.
Various sonographic features including a shape taller than the width, irregular infiltrative margins, an absent halo, hypoechogenicity, the presence of microcalcifications, and increased intranodular vascularity were associated with a higher likelihood of PTC. [6] [7] [8] The results of this study confirmed that these specific sonographic features were also associated with a higher likelihood of MTC.
In this study, an irregular shape and a shape taller than the width were significantly less infrequent in MTCs than in PTCs, and irregular infiltrative margins were less infrequent in MTCs than in PTCs without a significant difference. Previous studies obtained similar results. Kim et al [11] reported that 57% of MTCs and 25% of PTCs exhibited an ovoid to round shape, 19% of MTCs and 42% of PTCs exhibited a shape taller than the width, and 19% of MTCs and 19% of PTCs exhibited smooth margins. Lee et al [12] reported that 67% of MTCs and 40% of PTCs exhibited an ovoid to round shape, 13% of MTCs and 36% of PTCs exhibited a shape taller than the width, and 41% of MTCs and 59% of PTCs exhibited non-circumscribed margins.
Some studies have evaluated the halo presence in MTCs and found that the presence of a halo was not common in MTCs and occurred in 3% to 28% MTCs. [10, 13, 14, 16] Trimboli et al [14] reported that a hypoechoic halo was detected in 2 MTCs and in none of the PTCs. In this study, we found that peripheral halo rings were more frequent in MTCs (6.3%) than in PTCs (4.5%), although the difference was not significant. A cystic change was significantly more common in MTCs (21.3%) than in PTCs (8.3%) with significant discrepancy. However, the majority of MTCs (88.9%) with a cystic change were predominantly solid, and only 3 MTCs were predominantly cystic. The sizes of the 3 predominantly cystic MTCs were 2 to 4 cm. Therefore, the size of the MTCs and cystic change has a not significant relationship. Lee et al reported similar results. In their study, 32.6% of MTCs and 3.6% of PTCs exhibited a cystic change. [12] In agreement with the results of the previous studies, we found in this study that the presence of calcification was common in MTCs and microcalcifications were detected in majority of MTCs with calcifications (86.4%). These results confirmed that both MTCs and PTCs were associated with calcifications more than other thyroid malignancies. [11] Amyloid deposits were common in MTCs and might give rise to reactive fibrosis and calcified deposits. [19] These factors might be 1 feasible explanation for the more frequent heterogeneous echotexture in MTCs than in PTCs (76.4% vs 54.5%) in this study.
To the best of our knowledge, only limited literature has reported the vascular signal pattern of MTCs. Trimboli et al [14] reported that 25% of MTCs and 15% of PTCs exhibited an intranodular vascular signal, without significant difference. However, in the current reported series, hypervascularity was significantly more frequent in MTCs than in PTCs. This discrepancy might be explained by the small sample size in the previous study. Only 12 MTCs were included in that study. Therefore, a statistically significant difference was unable to be demonstrated. The CDFI display technology had improved obviously in the past 16 years. However, in this study, the vascularity was determined as hypervascularity (more than adjacent tissue), normal vascularity (similar to adjacent tissue), or avascularity (no blood flow). When the CDFI display technology improved, the sensitivity of detecting intranodular vascular signals and adjacent tissue vascular signals both improved. Therefore, the vascularity of nodules (hypervascularity, normal vascularity, or avascularity) was not affected by the improvement of CDFI display technology.
There are several limitations of this study. First, this was a retrospective study. Therefore, evaluating the sonographic findings in real time, which might provide more information, was impossible, and the interpretive results of sonograms might vary among different radiologists. However, 2 experienced radiologists interpreted all preoperative sonograms in this study by consensus. Second, this study did not contain information regarding the appearance of MTCs in soelastography, which is believed to be an important improvement on conventional sonography. [20] In conclusion, the sonographic features with a higher likelihood of malignancy are common in MTCs, including a shape taller than the width, irregular infiltrative margins, an absent halo, hypoechogenicity, the presence of microcalcifications, and increased intranodular vascularity. However, MTCs tend to possess these suspicious sonographic features less often than PTCs, with the exception of hypervascularity, which was more frequent in MTCs. 
